Background: Resilient individuals have a comprehensive ability to adapt to various life circumstances. Psychological resilience predicts an individual's physiological response to stress. The 10-item Connor-Davidson Resilience Scale (CD-RISC) is a widely used measure to quantify the level of self-perceived resilience. This study examined the psychometric properties of a Korean version of the 10-item Connor-Davidson Resilience Scale (10-item K-CD-RISC) on workers in Gumi, South Korea, exposed to hydrofluoric acid (HF). Methods: The questionnaires included the 10-item K-CD-RISC and Beck Anxiety Inventor (BAI), the Impact of Event Scale-Revised-Korean version (IES-R-K), the Rosen-berg Self Esteem Scale (RSES), the Center for Epidemiologic Studies-Depression Scale (CES-D), and the Perceived Stress Scale (PSS). These were randomly distributed at 237 workplaces near the HF-spill site, in the Gumi 4 complex. The responses of 991 (67.3%) workers were analyzed. Results: The exploratory factor analysis shown that a single-factor model was consistent with the original design of the 10-item CD-RISC. The scale also demonstrated good internal consistency (Cronbach's alpha = 0.95). Scores on the scale reflected different levels of resilience with respect to personal factors (age, gender, marital status, and education and income levels) that are thought to be differentiated. Differences of resilience were also reflected by psychiatric symptoms (anxiety and depression). Moreover, the total score of scale positively correlated with RSES, whereas the IES-R-K, BAI, CES-D, and the PSS negatively correlated with the 10-item K-CD-RISC. Conclusions: The 10-item K-CD-RISC has good psychometric properties and is applicable for victims exposed to noxious chemical such as HF.
Background
Resilience is defined as a protective factor against mental problems and a dynamic process for adapting to changes in the various facets of life [1, 2] . As resilience can be used to indicate the successful adaptation of an individual to trauma, this concept has garnered increasing interest in the fields of trauma-related research and practice in recent years [4] [5] [6] . Resilience is reported to play an influential role in buffering the adverse effects of traumatic events and protecting against the development of posttraumatic stress disorder (PTSD) or against major depressive disorder (MDD) [4, [7] [8] [9] .
Resilience can be viewed as a measurement of stress-coping ability [3] . Various tools are available for measuring resilience [10, 11] . The Connor-Davidson Resilience Scale (CD-RISC), a metric widely used to quantify the level of self-perceived resilience [3] , has the ability to identify target groups for intervention against PTSD development [12] . Furthermore, CD-RISC is one of the most widely validated scales that crucially explains the concept of resilience [13] , and it has been translated into many languages across a wide range of groups and populations [14, 15] . The scale has been validated across various samples of young adults [16] , teenagers [17] , young women [18] , nurses [19] , graduate students [20] as well as the general populations [21] . In addition, the CD-RISC has been employed in studying of natural disasters in Sichuan [15] , Japan [22] and Turkey [23] , and in New Zealand [24] earthquakes and other environmental accidents such as the Deep-Water Horizon oil spill [25] . As such, CD-RISC has been widely used in research to objectively quantify resilience, and the reliability and validity of this scale has been verified in numerous studies. These studies provide the preliminary evidence to confirm the acceptability and applicability of the CD-RISC on objects of resilience studies.
Originally structured in five dimensions, the factor structure of the CD-RISC has revealed certain limitations related to multi-dimensional concept proposals [26] . Thus, a new 10-item version of CD-RISC was developed, which resulted in a stable scale with excellent psychometric properties [13] .
Not many studies have evaluated the psychometric properties of victims exposed to toxic chemicals using the 10-item CD-RISC. Particularly, there has been no study on HF-exposed victims. This study was therefore designed to examine the psychometric properties of the 10-item K-CD-RISC in workers exposed to HF in Gumi, South Korea.
Methods

Participants
Of the 237 workplaces in the Gumi 4 complex, Korea, half were randomly selected and grouped based on the distances from the accident site (< 0.5 Km, 0.5-1.0 Km, ≥ 1.0 Km). Ten months after the HF-spill accident, between 15 July 2013 and 26 July 2013, 10 researchers visited the selected sites to conduct surveys. Surveys were conducted only for workers at the randomly selected 118 workplaces and who were willing to participate in the study. In total, 1480 workers at 93 workplaces responded to the survey questionnaire. Among the respondents, responses of 991 (67.3%) workers who accurately responded to the questionnaire were analyzed.
Measures
10-item K-CD-RISC
The 10-item CD-RISC was extracted from the original 25-item CD-RISC [13] . Reliability and validity of the 10-item K-CD-RISC in the Korean population is well-documented [27] . Each item is rated on a 5-point Likert scale from 0 ('not true at all') to 4 ('true nearly all the time'). The description of each item is presented in Table 1 . Total scores were obtained by summing all responses and ranged from 0 to 40, with higher scores reflecting greater resilience [15] .
Impact of event scale-revised (IES-R)
The IES-R is composed of 22-items that measure symptoms of intrusion, avoidance and numbing, and hyperarousal with respect to a traumatic event. All items of IES-R were in Korean. Each item consists of a 5-point Likert scale from 0 ('not at all') to 4 ('very much'). The maximum score is 88, which indicates the worst PTSD symptom state. A cut-off value of 24 identified the participants with more than moderate PTSD symptoms [28] . 
The Beck anxiety inventory (BAI)
The BAI is a 21-items self-report questionnaire that lists symptoms of anxiety. The respondent rates each symptom to the extent it has bothered him/her in the past week. The symptoms are rated on a 4-point Likert scale, ranging from 0 ('not at all') to 3 ('severely'). A cut-off value of 21 for the BAI identified the participants with more than moderate anxiety symptoms [29, 30] .
The Center for Epidemiologic Studies of depression scale (CES-D)
The CES-D is a self-report measure consisting of 20-items, with response options for each item reflecting varying levels of depression symptoms. It ranges from 'rarely or none of the time' (0 point) to 'most or all of the times' (3 points). The total score ranges from 0 to 60, in which a higher score indicates more severe depressive symptoms. A cut-off value of 20 for the CES-D identified the participants with more than moderate depressive symptoms [31, 32] .
Rosenberg self-esteem scale (RSES)
This is a 10-item scale that assesses global self-worth by measuring both positive and negative feelings about the self. The scale is believed to be uni-dimensional. All items are answered using a 4-point Likert scale ranging from strongly agree (4 points) to strongly disagree (1 point).
Total scores range from 10 to 40, with higher scores representing higher self-esteem [33] .
Perceived stress scale (PSS)
The PSS is a self-report assessment with the current version having 10 items. The PSS uses the 5-point Likert scale to measure the degree to which individuals perceived their daily life as being stressful during the past month (0 = never and 4 = very often). Total scores range from 0 to 40. Higher scores on the PSS represent higher levels of perceived stress [34] .
Data analysis
Means and standard deviation (SD) were used for simple descriptive statistics. The factor structure of the 10-item K-CD-RISC was investigated using the exploratory factor analysis and the maximum likelihood method. Parallel analysis was employed to determine the number of factors to be retained. As recommended in the report by O'Connor [35] , 100 random datasets were generated using a procedure in SPSS, and the 95th percentiles of the eigenvalues were obtained from actual datasets. Factors were retained if the eigenvalue from the actual data was greater than the corresponding eigenvalue from random data [15] . We also measured the reliability related to internal consistency by the Cronbach's alpha coefficient (Cronbach's α).
Construct validity was performed by comparing the 10-item K-CD-RISC scores across various subgroups on the basis of sociodemographic characteristics and psychiatric symptom group (depression, anxiety, probable PTSD) using analyses of one-way ANOVA with post hoc testing using Duncan's multiple range test and Student's t-test, depending on the number of categories. Convergent validity among the 10-item K-CD-RISC and other assessments (BAI, IES-R, PSS, RSES, and CES-D) was examined by determining Pearson's correlation coefficients.
Statistical analyses were performed using the SPSS 20.0 for Windows software package (SPSS, Chicago, IL, USA). All reported p values were two-tailed, and values less than 0.05 were considered to be statistically significant.
Results
Characteristics of study population
Majority of the subjects included in this study were male (79.8%), and two-thirds of the subjects were over 30 years of age (67.8%). Approximately half were married, more than half the subjects were educated above college level, and 61.6% of the respondents received more than US $ 2000 per month. Most subjects had no mental disease.
Detailed characteristics of the study population are described in Table 1 and Table 2 .
Factor structure
By using the principal components analysis, the first two eigenvalues from the actual dataset of the resilience scores were determined to be 6.9 and 0.69 Based on factor analysis results, we extracted a single-factor model. The resilience factor accounted for 69.43% of the total variance of the study population. The factor-loading matrix for the resilience score is presented in Table 3 . All items exhibited silent factor loading (higher than 0.40) on the latent variable. These findings suggest that the 10-item K-CD-RISC has good structure validity (Table 3) .
Reliability
Based on the single-factor model, the reliability related to internal consistency (measured by Cronbach's α) was 0.95 for the whole resilience score.
Construct validity Subgroup comparisons
The resilience score (M = 26.25, SD = 7.65) of men was higher than that of women (M = 22.61, SD = 7.15), and the resilience score of married participants (M = 26.25, SD = 7.97) was higher than that of single participants (M = 24.59, SD = 7.39).
The results of one-way ANOVA indicate that mean resilience scores were significantly different for age, education, and salary groups. The result of Duncan's multiple range post hoc test indicates a mean resilience score of 20-29 year-old participants to be lower than that of 40-49 year-old participants (p < 0.01). In addition, the mean of resilience score of university-graduated participants was higher than that of high school under-graduate participants (p < 0.01). Moreover, the mean resilience score of participants with salary < 2000 US dollar (USD) was lower than that of participants with salary 2000-3000 USD and ≥ 3000 USD (Table 1) .
Relationship between 10-item K-CD-RISC scores and trauma-related factors by HF spill
Participants with psychiatric disease (M = 19.27, SD = 7.50) had a lower resilience score than participants without psychiatric disease (M = 25.54, SD = 9.43). The mean resilience scores were not significantly different between participants afflicted with or without HF associated symptoms and did not differ with perceived exposure rate (Table 2) .
Relationship between 10-item K-CD-RISC scores and psychiatric symptom
The mean resilience score of participants with BAI (Table 4) . (Table 5 ).
Relationship between 10-item K-CD-RISC scores and other psychological measures
Discussion
The 10-item CD-RISC has been verified in terms of reliability and validity by various groups and countries. This study examined the psychometric properties of the 10-item K-CD-RISC in workers exposed to noxious chemicals. Exploratory factor analysis where all items exhibited notable factor loading (higher than 0.40) on the latent variable reveals that the data could be well represented by a single-factor model, which is consistent with the original design of the 10-item CD-RISC and explains that the 10-item K-CD-RISC is a unidimensional measurement of resilience. Furthermore, the scale demonstrated good internal consistency in this study (Cronbach's α value of 0.95), which is higher than 0.91 of the China Sichuan earthquake study, indicating that the measurement error of the 10-item K-CD-RISC is small, and the 10-item K-CD-RISC has sufficiently high reliability to provide confidence in interpreting the score. Based on these analysis, we confirm that the 10-item K-CD-RISC can be employed to assess resilience in Korea workers.
Furthermore, this study found that the psychiatric symptom group rated higher scores on the IES-R, BAI, and CES-D, and lower scores on the 10-item K-CD-RISC. This finding suggests that scores on the 10-item K-CD-RISC reflect different levels of resilience in populations that are thought to be differentiated by psychiatric disease.
According to the correlation between the 10-item K-CD-RISC and related assessments in this study, the scale scores were positively correlated with RSES and negatively correlated with IES-R, BAI, CES-D, and PSS results. Although the magnitude of the R-value is not statistically large, the correlations between the 10-item K-CD-RISC and related assessments are well explained in the directional aspect.
These major findings provide authentic evidence that the 10-item K-CD-RISC is a reliable and valid measurement of resilience. Furthermore, there is very limited literature on psychometric properties, and particularly there is no literature on victims exposed to HF.
This study has several limitations. First, this study was conducted 10 months after the HF-spill accident. The IES-R well reflects the impact of the near-time event. The results inadequately reveal that resilience is associated with PTSD symptoms. Specifically, only the tendency of resilience based on the severity of PTSD symptoms was confirmed; the difference of resilience score was not large with no statistical significance. Consideration of timing of the study seems essential for future researches [36] [37] [38] [39] and would be required to confirm the validity of this tool more objectively by measuring the change in resilience score after intervention by psychiatrist or psychology counselor. Second, test-retest reliability was not measured, which would help to confirm the test consistency. Both short-term and long-term test-retest reliabilities are required to verify test consistency. Third, the authors used only one psychometric indicator of PTSD. Results of average analysis by symptom group poorly demonstrated the statistical significance of IES-R. It has been reported that resilience is a protective factor against the development of PTSD and has an influential role in buffering the adverse effects of mental trauma [40, 41] . To confirm this, it is crucial to conduct a questionnaire that accurately reflects the symptoms of PTSD. Further studies with additional psychometric indicators of PTSD, such as the posttraumatic stress diagnostic scale or other well-made measures, are needed [42] [43] [44] . Fourth, this study did not include a control group. Since comparison between results of the control and this study might be important to confirm the validity of the scale, control group should be included in future studies.
Conclusions
The study demonstrates that the 10-item K-CD-RISC provides useful psychometric properties and is a valid tool for assessing workers who experience environmental accidents such as toxic chemical exposure (HF). 
Availability of data and materials
The datasets generated and analysed during the current study are not publicly available due to reasons why data are not public.
Authors' contributions
All authors had access to the data and played a role in writing this manuscript. YSA conceived and designed the study. GSS and MGK were involved in writing the manuscript. GSS and MGK and YSM performed the statistical analysis, the interpretation of data. KSJ and KSC and YSA conducted the survey and contributed to the data collection. MGK and YSA had critically revised the manuscript. All authors read and approved the final manuscript. 
